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Dynamic Characteristics of Structure with Bolt Joint 
(Effect of Thickness of Bolt Joint) 
 
  㟷 ᮌ  ⦾ 1 )  
 
Shigeru AOKI1) 
 
$bstract : Bolt joint is widely used for construction of many structures. The dynamic characteristics of the structure with bolt joints are
important for design of machines, buildings and so on. The effect of bolt joint on the dynamic characteristics, especially, thickness of
auxiliary plates is investigated. Two types of cantilever type specimens are made. Specimen I is with bolt joint at the center of
specimen. Specimen II is with bolt joint at the node of the second vibration mode. As the dynamic characteristics, the damping ratio
and the natural frequency of the first and the second vibration modes are measured. Wave form of free vibration is measured and the
damping ratio is obtained. The resonance curves are obtained by frequency sweeping method and the frequency response functions
are obtained by using impulse hammer and the damping ratio and the natural frequency are obtained. The damping ratio of the first
vibration mode increases with the increase of thickness of auxiliary plates. The natural frequency of the first vibration mode is lower
with the increase of thickness. Effect of bolt joint on the dynamic characteristics of the second vibration mode is different for location of
bolt joint.  
 
Key Words : Vibration, Bolt Joint, Damping Ratio, Natural Frequency, Impulse Hammer, Resonance Curve 
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ࡋࡓ 1 ḟ࠾ࡼࡧ 2 ḟ᣺ື࡟࠾ࡅࡿῶ⾶ẚ࠾ࡼࡧᅛ᭷᣺ື
ᩘࢆ♧ࡍ㸬ࣆࢵࢡ࢔ࢵࣉ࠾ࡼࡧᡴᧁࡢ఩⨨࡟ࡼࡗ್࡚࡟
ࡸࡸࡤࡽࡘࡁࡣ࠶ࡿࡀ㸪࡯ࡰྠࡌഴྥࢆ♧ࡋ࡚࠸ࡿ㸬ࡑ
ࡢࡓࡵ࡟㸪඲యࡢᖹᆒࢆồࡵࡓ㸬 
ᅗ 7(a)࠾ࡼࡧ(b)࡟ࡣࡑࢀࡒࢀ 1ḟ᣺ື࠾ࡼࡧ 2ḟ᣺ື
࡟࠾ࡅࡿῶ⾶ẚࢆ♧ࡍ㸬࡯ࡰ⮬⏤᣺ື࡛ᚓࡽࢀࡓ⤖ᯝ࡜ 
 
⾲  ࢖ࣥࣃࣝࢫࣁ࣐࣮ࣥࢆ⏝࠸ࡓ ḟ᣺ື࡟ᑐࡍࡿῶ⾶ẚ࡜ᅛ᭷᣺ືᩘࡢ ᐃ⤖ᯝ
㻌 㻌 㻌 㻌
ῶ⾶ẚ ᅛ᭷᣺ືᩘ
 ᐃ᪉ἲ  ᐃ᪉ἲ
ヨ㦂∦ ཌࡉ ձ ղ ճ ձ ղ ճ 
㻌 㻌 0mm 0.00417  0.00496  0.00368  16.2  16.2  16.6  
ヨ㦂∦Ϩ
2mm 0.00605  0.00456  0.00697  15.5  15.3  16.4  
4mm 0.00727  0.00737  0.00528  14.7  14.4  16.0  
6mm 0.00693  0.00774  0.00495  14.2  13.8  15.4  
ヨ㦂∦ϩ
2mm 0.00549  0.00442  0.00428  14.9  14.9  15.2  
4mm 0.00891  0.00911  0.00705  13.7  13.6  14.0  
6mm 0.01057  0.01269  0.01043  12.8  12.8  13.0  
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ᅗ  ṇᘻἼຍ᣺ᐇ㦂࡟ࡼࡿῶ⾶ẚࡢ ᐃ⤖ᯝ
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⾲  ࢖ࣥࣃࣝࢫࣁ࣐࣮ࣥࢆ⏝࠸ࡓ ḟ᣺ື࡟ᑐࡍࡿῶ⾶ẚ࡜ᅛ᭷᣺ືᩘࡢ ᐃ⤖ᯝ
㻌 㻌
㻌 㻌
ῶ⾶ẚ ᅛ᭷᣺ືᩘ
 ᐃ᪉ἲ  ᐃ᪉ἲ
ヨ㦂∦ ཌࡉ ձ ղ ճ ձ ղ ճ 
  0mm 0.00432 0.00462  0.00420  102.8  102.9  103.6  
ヨ㦂∦Ϩ
2mm 0.00494  0.00659  0.00548  103.0  103.2  102.2  
4mm 0.00511  0.00482  0.00495  104.0  103.3  102.5  
6mm 0.00380  0.00494  0.00461  102.2  100.8  100.5  
ヨ㦂∦ϩ
2mm 0.00470  0.00424  0.00402  105.0  105.5  106.8  
4mm 0.00517  0.00448  0.00368  106.0  104.7  106.4  
6mm 0.00453  0.00390  0.00441  106.1  105.0  105.6  
 
ྠᵝ࡞ഴྥࡀぢࡽࢀࡿ㸬ࡍ࡞ࢃࡕ㸪1 ḟ᣺ື࡟ᑐࡋ࡚ࡣ
⿵ຓᯈࡀཌࡃ࡞ࡿ࡯࡝ῶ⾶ẚࡀ኱ࡁࡃ࡞ࡾ㸪ヨ㦂∦ϩࡢ
᪉ࡀቑຍ⋡ࡀ኱ࡁ࠸㸬2 ḟ᣺ື࡟ᑐࡋ࡚ࡣ㸪⿵ຓᯈ ࡢཌ
ࡉ࡟ᑐࡋ࡚ࡣࡗࡁࡾࡋࡓഴྥࡀぢࡽࢀ࡞࠸㸬 
ᅗ 8(a)࠾ࡼࡧ(b)࡟ࡑࢀࡒࢀ 1ḟ᣺ື࠾ࡼࡧ 2ḟ᣺ື࡟
࠾ࡅࡿᅛ᭷᣺ືᩘࢆ♧ࡍ㸬ṇᘻἼຍ᣺ᐇ㦂࡛ᚓࡽࢀࡓ⤖
ᯝ࡜࡯ࡰྠᵝ࡛࠶ࡿ㸬ࡍ࡞ࢃࡕ㸪1 ḟ᣺ື࡟ᑐࡋ࡚ࡣ⿵
ຓᯈࡀཌࡃ࡞ࡿ࡯࡝ᅛ᭷᣺ືᩘࡀపࡃ࡞ࡗ࡚࠸ࡿ㸬࡜ࡃ
࡟ヨ㦂∦ϩࡢ࡜ࡁ࡟ᅛ᭷᣺ືᩘࡢపୗ⋡ࡀ኱ࡁ࠸㸬2 ḟ
᣺ື࡟ᑐࡋ࡚ࡣヨ㦂∦Ϩ࡛ࡣ⿵ຓᯈࡀ࠶ࡿ࡜ᅛ᭷᣺ືᩘ
ࡣపࡃ࡞ࡾ㸪ヨ㦂∦ϩ࡛ࡣ㧗ࡃ࡞ࡿ㸬 
ᅗ㸵ࡢ⤖ᯝ࠿ࡽ㸪ῶ⾶ẚࡣ⮬⏤᣺ື࡜ྠᵝ࡞⤖ᯝ࡜࡞
ࡾ㸪ࡇࡢ⤖ᯝࡣ⾪ᧁⓗ࡞ධຊ࡟ᑐࡍࡿῶ⾶ẚࡢ≉ᚩ࡛࠶
ࡿ࡜⪃࠼ࡽࢀࡿ㸬ᅗ㸶ࡢ⤖ᯝ࠿ࡽᅛ᭷᣺ືᩘ࡟㛵ࡋ࡚ࡣ
ṇᘻἼຍ᣺ᐇ㦂࡜ྠᵝ࡞ഴྥ࡜࡞ࡾ㸪ධຊ࡟࠿࠿ࢃࡽࡎ
ᚓࡽࢀࡿ≉ᚩ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
 
ᅗ㸲࠿ࡽᅗ㸶ࡢ⤖ᯝࢆࡲ࡜ࡵࡿ࡜ḟࡢࡼ࠺࡟࡞ࡿ㸬 
1 ḟ᣺ື࡟ᑐࡍࡿῶ⾶ẚࡣ࣎ࣝࢺ⤖ྜ㒊ࡀ࠶ࡿ࡜኱ࡁ
ࡃ࡞ࡾ㸪⿵ຓᯈࡀཌ࠸࡯࡝኱ࡁࡃ࡞ࡿ㸬⾪ᧁⓗ࡞ධຊ࡟
ᑐࡋ࡚ࡣヨ㦂∦ϩࡢῶ⾶ẚࡢ᪉ࡀ኱ࡁࡃ࡞ࡿഴྥࡀ࠶ࡿ㸬 
2 ḟ᣺ື࡟ᑐࡍࡿῶ⾶ẚ࡟ᑐࡋ࡚ࡣ 1 ḟ᣺ື࡟ᑐࡍࡿῶ
⾶ẚࡼࡾࡶᑠࡉ࠸㸬⿵ຓᯈࡢཌࡉ࡟ᑐࡋ࡚ࡣࡣࡗࡁࡾ࡜
ࡋࡓഴྥࡀぢࡽࢀ࡞࠿ࡗࡓ㸬 
ᅛ᭷᣺ືᩘ࡟㛵ࡋ࡚㸪1 ḟ᣺ື࡟ᑐࡋ࡚ࡣ⿵ຓᯈࡀཌ
ࡃ࡞ࡿ࡯࡝ᅛ᭷᣺ືᩘࡀపࡃ࡞ࡗ࡚࠸ࡿ㸬࡜ࡃ࡟ヨ㦂∦
ϩࡢ࡜ࡁ࡟ᅛ᭷᣺ືᩘࡢపୗ⋡ࡀ኱ࡁ࠸㸬2 ḟ᣺ື࡟ᑐ
ࡋ࡚ࡣヨ㦂∦Ϩ࡛ࡣ⿵ຓᯈࡀ࠶ࡿ࡜ᅛ᭷᣺ືᩘࡣపࡃ࡞
ࡾ㸪ヨ㦂∦ϩ࡛ࡣ㧗ࡃ࡞ࡿ㸬  

 ⤖ゝ

࣎ࣝࢺ⤖ྜࡣከࡃࡢᵓ㐀≀࡟⏝࠸ࡽࢀ㸪✀ࠎࡢ᮲௳࡛
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౑⏝ࡉࢀࡿ㸬᣺ື⎔ቃ࡛౑⏝ࡉࢀࡿࡇ࡜ࡶከࡃ㸪᣺ືゎ
ᯒࢆࡍࡿሙྜ࡟ࡣࡑࡢ᣺ື≉ᛶࢆ᫂ࡽ࠿࡟ࡋ㸪ࣔࢹࣝ໬
ࢆࡍࡿࡇ࡜ࡀ㔜せ࡜࡞ࡿ㸬ᮏሗ࿌࡛ࡣ㸪 ࣎ࣝࢺ⤖ྜ㒊࡟
⿵ຓᯈࡀ౑ࢃࢀࡿࡇ࡜ࡶ࠶ࡿࡇ࡜ࢆ⪃៖ࡋ࡚㸪࣎ࣝࢺ⤖
ྜ࡟⏝࠸ࡽࢀࡿ⿵ຓᯈࡢཌࡉࡀ࣎ࣝࢺ⤖ྜᵓ㐀≀ࡢ᣺ື
≉ᛶ࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸᳨࡚ウࡋࡓ㸬ᇶ♏ⓗ࡞ࢹ࣮ࢱࢆ
ᚓࡿࡓࡵ࡟㸪⤖ྜ㒊ࡀ㸯⟠ᡤ࡛࠶ࡿ⡆༢࡞ヨ㦂∦ࢆ⏝࠸
ࡓ㸬᣺ື≉ᛶ࡜ࡋ࡚ 1 ḟ᣺ື࠾ࡼࡧ 2 ḟ᣺ື࡟࠾ࡅࡿῶ
⾶ẚ࠾ࡼࡧᅛ᭷᣺ືᩘ࡟ὀ┠ࡋࡓ㸬ヨ㦂∦࡜ࡋ࡚㸪୍➃
ࢆᅛᐃࡋࡓ∦ᣢࡕࡣࡾࢆ⏝࠸࡚ຍ᣺ᐇ㦂ࢆࡋࡓ㸬㸰ḟ᣺
ື࣮ࣔࢻࡢ⭡ࡢ௜㏆࡟࣎ࣝࢺ⤖ྜ㒊ࡢ࠶ࡿヨ㦂∦Ϩ࡜⠇
ࡢ௜㏆࡟࣎ࣝࢺ⤖ྜ㒊ࡢ࠶ࡿヨ㦂∦ϩࢆ〇సࡋࡓ㸬⮬⏤
᣺ື࡟ࡼࡗ࡚ῶ⾶ẚࢆồࡵ㸪ṇᘻἼຍ᣺ᐇ㦂࠾ࡼࡧ࢖ࣥ
ࣃࣝࢫࣁ࣐࣮ࣥ࡟ࡼࡿᡴᧁヨ㦂࡟ࡼࡗ࡚ῶ⾶ẚ࠾ࡼࡧᅛ
᭷᣺ືᩘࢆồࡵࡓ㸬ᚓࡽࢀࡓ⤖ᯝࢆ௨ୗ࡟せ⣙ࡍࡿ㸬 
㸯㸬1 ḟ᣺ື࡟ᑐࡋ࡚ࡣ㸪⿵ຓᯈࡀཌࡃ࡞ࡿ࡯࡝ῶ⾶ẚ
ࡀ኱ࡁࡃ࡞ࡿഴྥࡀ࠶ࡿ㸬⾪ᧁⓗ࡞ධຊ࡟ᑐࡋ࡚ࡣヨ㦂
∦ϩࡢῶ⾶ẚࡢ᪉ࡀ኱ࡁࡃ࡞ࡿഴྥࡀ࠶ࡿ㸬2 ḟ᣺ື࡟
ᑐࡋ࡚ࡣ㸪1 ḟ᣺ືࡼࡾࡶῶ⾶ẚࡀᑠࡉࡃ㸪⿵ຓᯈࡢཌ
ࡉ࡟ᑐࡍࡿഴྥࡀࡣࡗࡁࡾࡋ࡞࠿ࡗࡓ㸬 
㸰㸬1 ḟ᣺ື࡟ᑐࡋ࡚ࡣ⿵ຓᯈࡀཌࡃ࡞ࡿ࡯࡝ᅛ᭷᣺ື
ᩘࡀపࡃ࡞ࡿ㸬࡜ࡃ࡟ヨ㦂∦ϩ࡟ᑐࡋ࡚ᅛ᭷᣺ືᩘࡢప
ୗ⋡ࡀ኱ࡁ࠸㸬2 ḟ᣺ື࡟ᑐࡋ࡚ࡣヨ㦂∦Ϩ࡛ࡣ⿵ຓᯈ
ࡀ࠶ࡿ࡜ᅛ᭷᣺ືᩘࡣపࡃ࡞ࡾ㸪ヨ㦂∦ϩ࡛ࡣ㧗ࡃ࡞ࡿ㸬 
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